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Hyperthermic intraperitoneal chemotherapy for epithelial ovarian 
cancers: is there a role?
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Background: Hyperthermic intraperitoneal chemotherapy (HIPEC) is often used to treat gastrointestinal 
malignancies and is of interest in epithelial ovarian cancer (EOC) given the propensity for intraperitoneal 
spread. The role of HIPEC in the treatment of gynecologic malignancies is not well defined. We sought to 
describe clinical characteristics and outcomes of our patient population treated with HIPEC.
Methods: IRB approval was obtained. Patients diagnosed with EOC and treated with HIPEC from January 
2007 until December 2013 were identified using a prospectively maintained HIPEC database. Patient charts 
were abstracted to identify patient demographic information, treatment characteristics, and outcome data. 
Statistical analysis was descriptive.
Results: Thirty-four patients were identified. Mean age at diagnosis was 56.5 years. The majority of 
cases (28, 82%) were of serous histology. The indications for HIPEC administration were as follows: 9% 
primary treatment, 41% first recurrence, 26% second recurrence, and 24% consolidative therapy in the 
setting of primary or recurrent disease. The majority of patients (21, 62%) received mitomycin C. The 
other drugs administered include cisplatin (10, 29%), oxaliplatin (2, 6%), and carboplatin (1, 3%). Mean 
length of hospital stay was 9 days (range, 3-39 days). The rates of postoperative bacteremia and hematologic 
toxicity were 6% and 54%, respectively. Seven (21%) patients developed transient renal dysfunction, and 
this was seen almost exclusively in the patients who received cisplatin. One (3%) additional patient had 
renal dysfunction that persisted longer than 30 days post-operative but did not go on to require dialysis. 
There were no perioperative deaths in this cohort. Eleven (32%) patients received additional chemotherapy 
following HIPEC administration. At a median follow-up of 20 months (range, 3-87 months), eight patients 
are alive with disease, seven have no evidence of disease, 14 have died of their disease, and five patients have 
been lost to follow-up.
Conclusions: This data supports a reasonable side effect profile of treatment of EOC with HIPEC. 
Prospective studies are needed to elucidate the optimal drug and patient population that would derive the 
most benefit from treatment with HIPEC.
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Introduction

Epithelial ovarian cancer (EOC) is the leading cause of death 
from gynecologic malignancies and the fifth most common 
cause of cancer death in women. In 2015, it is estimated 
that there will be 21,980 new cases of ovarian cancer with 
14,270 deaths from this disease (1). Currently, there are 
no effective screening strategies and over 60% of patients 
present with stage III or IV disease (2). Management of 
patients with advanced EOC includes aggressive surgical 
cytoreduction followed by platinum-based chemotherapy 
(3,4). Between 70% and 80% of patients will achieve clinical 
remission; however, most patients will relapse and are not 
curable (5). Multiple advancements have occurred over 
the last several decades for women with EOC including: 
the incorporation of taxanes into chemotherapy regimens, 
the introduction of intraperitoneal (IP) and dose-dense 
treatment regimens, and the development of biologic 
agents such as bevacizumab and olaparib (4,6-9). Three 
Gynecologic Oncology Group (GOG) phase III clinical 
trials have demonstrated a significant improvement in 
both progression-free (PFS) and overall survival (OS) in 
the primary treatment of those patients with optimally 
cytoreduced EOC who undergo subsequent treatment with 
a combination of intravenous and intraperitoneal (IV/IP)  
chemotherapy (10-12). The most recent of these trials, 
GOG 172, demonstrated a 15.9-month improvement in 
OS when IP chemotherapy was used for the treatment of 
optimally cytoreduced, advanced EOC as compared to 
standard intravenous (IV) therapy (10). The results of this 
trial prompted an announcement by the National Cancer 
Institute (NCI) in 2006 recommending IP chemotherapy 
as the standard of care for adjuvant treatment of optimally 
cytoreduced, advanced EOC. However, the full benefit of 
IP chemotherapy for the treatment of advanced EOC has 
not been realized, as toxicity, IP catheter complications, 
and complicated dosing regimens have limited widespread 
adoption of this method. Variable uptake has led to 
interest in incorporation of hyperthermic intraperitoneal 
chemotherapy (HIPEC) into the treatment plan given the 
ease of administration at the time of surgery and the lack of 
an indwelling IP catheter.

Interest in HIPEC has been largely driven by success 
in the treatment of carcinomatosis from gastrointestinal 
malignancies by Sugarbaker and others (13-16). EOC 
exhibits a pattern of dissemination similar to that of 
advanced gastrointestinal malignancies in that metastases 

tend to develop diffusely via direct tumor spread within 
the peritoneal cavity as opposed to hematologic or 
lymphatic routes. This makes the use of HIPEC in the 
treatment of these patients a logical consideration. In the 
treatment of ovarian cancer, HIPEC has the potential 
benefit of overcoming some of the toxicities and challenges 
of administering IP chemotherapy. Hyperthermia may 
increase cytotoxicity of chemotherapeutic agents by 
increasing intracellular drug penetration and overcoming 
platinum resistance with hyperthermia (17). Additionally, 
hyperthermia itself may have a direct cytotoxic effect that 
acts in synergy with cytotoxic chemotherapy agents (18). 
Several studies have demonstrated that concentrations of 
chemotherapy agents within the peritoneal cavity are several 
times higher when chemotherapy is administered intra-
abdominally than when given intravenously (19-21). IP 
drug delivery overcomes the peritoneal-plasma barrier and 
concentrates cytotoxic agents within the peritoneal cavity 
for prolonged periods of time which may enhance cancer 
cell death with the potential for less systemic toxicity.

Despite the proposed benefits of HIPEC in the treatment 
of EOC, the data with regard to clinical applicability remain 
quite heterogeneous. In a study by Deraco et al., patients 
with advanced primary ovarian cancer who underwent 
primary debulking received HIPEC with doxorubicin and 
cisplatin followed by standard chemotherapy. Five-year 
OS was 60.7% and 5-year PFS survival was 15.2% (22). 
In another study, Coccolini et al., reported outcomes of 54 
patients with primary or recurrent EOC who underwent 
surgical cytoreduction followed by HIPEC with cisplatin and 
paclitaxel. At median follow-up of 20 months, PFS and OS 
were 12.5 and 32.9 months, respectively (23). Fagotti et al.  
reported a series of 42 patients with recurrent, platinum-
sensitive EOC who were treated with cytoreduction and 
HIPEC with oxaliplatin followed by adjuvant IV oxaliplatin 
and taxotere. The toxicity profile was reasonable with 
a 34.8% complication rate and no perioperative deaths 
reported. At a median follow-up of 18 months, disease-free 
and OS were 24 and 38 months, respectively (24).

There is clearly a growing interest in HIPEC given 
the increasing number of prospective trials incorporating 
HIPEC; however, the ideal cytotoxic regimen and timing 
remains unclear. This study aims to examine patients with 
EOC treated with HIPEC with a particular focus on the 
cytotoxic regimen and treatment outcomes to guide future 
prospective trial design.
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Materials and methods

University of Pittsburgh Institutional Review Board 
approval was obtained. Patients diagnosed with EOC 
between January 1, 2004 and December 31, 2013 who were 
treated with HIPEC were identified from a prospectively 
maintained HIPEC database. The indication for treatment 
and the HIPEC regimen given were left to the discretion 

of the treating physician. HIPEC was administered via the 
closed-abdomen technique as previously described in the 
literature (25). Patients were excluded from this study if the 
indication for HIPEC was a non-epithelial histology or a 
tumor of low malignant potential. However, patients with 
an initial diagnosis of a low-malignant potential tumor that 
recurred as an invasive malignancy that was subsequently 
treated with HIPEC were included.

Charts were abstracted for demographic information, 
disease characteristics, treatment characteristics, and 
patient outcomes. For each patient, available treatment 
details were collected for all regimens given prior to and 
following HIPEC administration. Indications for HIPEC 
treatment include front-line treatment, consolidation 
therapy following treatment of primary or recurrent disease, 
and treatment of recurrence. Unless otherwise stated, all 
patients underwent optimal cytoreduction prior to the 
administration of HIPEC. In cases where HIPEC was given 
as consolidative treatment after completion of therapy for 
primary or recurrent disease, the patient was confirmed to 
have no evidence of IP disease via a second-look surgery 
prior to administering HIPEC. Information on surgical 
outcomes was collected with a focus on perioperative 
complications and perioperative mortality. Patient outcomes 
were collected including time to progression following 
HIPEC and OS following HIPEC treatment. Toxicities 
were compared between treatment regimens using Fisher’s 
exact test with significance set at a P value of P<0.05.

Results

Thirty-four patients were included in this study. The 
demographic and clinicopathologic characteristics of the 
patients in this study are shown in Table 1. The median 
age of diagnosis was 56.5 years (range, 31-74 years). The 
majority of patients had serous tumors (28, 82%) with the 
remainder having clear cell (1, 3%), endometrioid (1, 3%), 
mucinous (3, 9%), and adenosquamous (1, 3%) histologies. 
At the time of presentation, the majority of patients had 
advanced stage disease (28, 82%). Three patients (9%) had 
early stage disease at presentation. In another three (9%) 
patients the initial disease stage was unknown because 
the patient either received neoadjuvant chemotherapy 
prior to undergoing surgery or because the patient did 
not undergo a complete staging procedure. One patient 
initially presented with a mucinous tumor of low malignant 
potential that recurred as a low-grade mucinous tumor that 
was treated with HIPEC.

Table 1 Demographic, clinicopathologic and treatment  
characteristics

Characteristics
Mitomycin C, 

n=21 [%]

Platinum,  

n=13 [%]

Mean age (y) 59 52

Histology

Papillary serous 19 [90] 9 [69]

Clear cell 0 1 [8]

Mucinous 1 [5] 2 [15]

Endometrioid 0 1 [8]

Adenosquamous 1 [5] 0

Initial disease stage

IC 0 1 [8]

IIC 0 2 [15]

IIIA 1 [5] 0

IIIB 0 1 [8]

IIIC 12 [57] 8 [62]

IV 4 [19] 1 [8]

Not fully staged 4 [19] 0

Tumor grade at diagnosis

1 1 [5] 0

2 0 2 [15]

3 19 [90] 8 [62]

Low malignant potential 1 [5] 0

Unknown 0 3 [23]

Indication for HIPEC

Primary treatment 3 [14]

Consolidation therapy 5 [24] 3 [23]

First recurrence 7 [33] 7 [54]

Second recurrence 6 [29] 3 [23]

Mean EBL at time of 

HIPEC surgery, mL [range]

336 [100-800] 257 [50-750]

Mean operating time,  

min [range]

378 [233-528] 311 [192-640]

HIPEC, hyperthermic intraperitoneal chemotherapy; EBL, 

estimated blood loss.
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The most common indication for treatment with 
HIPEC was treatment of first recurrence (14, 41%). Other 
indications for HIPEC include primary treatment (3, 9%), 
treatment of second recurrence (9, 26%), consolidative 
treatment following treatment of primary disease (5, 15%), 
and consolidative treatment following treatment of disease 
recurrence (3, 9%). The median number of chemotherapy 
regimens prior to undergoing treatment with HIPEC 
(including front-line regimens) was two. At the time of 
surgical cytoreduction prior to HIPEC, 26 (76%) patients 
underwent optimal cytoreduction (defined as 1 cm or less of 
residual disease). Fifteen (44%) of patients required resection 
of at least one abdominal visceral organ. Mitomycin C was the 
most commonly used agent (21, 62%) followed by cisplatin 
(10, 29%), oxaliplatin (2, 6%), and carboplatin (1, 3%).  
Mitomycin C was most commonly given as a total dose of 
40 mg while cisplatin was most commonly given at a dose of 
100 mg/m2.

The  median  length  o f  s tay  fo l lowing  HIPEC 
administration was 9 days (range, 3-39 days). It is common 
practice in our institution for all patients receiving HIPEC 
to be pre-emptively admitted to the ICU following surgery. 
The most common post-operative complications were 
hematologic with 13 (37%), 5 (14%), and 1 (3%) of patients 
experiencing anemia requiring blood transfusion, grade 
3 or 4 neutropenia, and grade 3 or 4 thrombocytopenia, 
respectively (Table 2). Two (6%) patients experienced 
post-operative sepsis during their post-operative stay. 
Only two (13%) of those patients undergoing visceral 
resection developed an intra-abdominal abscess or fistula 

in the first 30 days from surgery. Seven (21%) patients 
developed transient renal dysfunction, defined as >50% 
rise in serum creatinine value over baseline as defined 
by the Acute Kidney Injury Criteria (26), all of which, 
resolved by 30 days post-operatively. One patient (3%) 
experienced renal dysfunction that persisted for longer 
than 30 days post-operatively but did not go on to require 
dialysis. Of the eight patients who suffered some degree 
of renal dysfunction, all but one had received HIPEC 
with a platinum agent. Of those patients who received 
HIPEC with cisplatin, 70% experienced some degree 
of renal dysfunction. When comparing toxicity profiles 
between mitomycin C and platinum-containing agents, 
only transient renal dysfunction was significantly different 
between the two groups (P=0.007). Of note, one patient in 
each the mitomycin C and platinum groups had an elevated 
creatinine at baseline, defined as a serum of creatinine  
of >1.3 mg/dL.

Eight (24%) patients were re-admitted within 30 days of 
discharge. The most common reason for re-admission was 
infection (six patients) with the remaining two patients being 
readmitted for dehydration. There were no post-operative 
deaths in this cohort. Following recovery from surgery, 
11 (32%) patients received additional therapy. Seven of 
those patients received cytotoxic agents while four received 
treatment with tamoxifen. Two additional patients were 
recommended to receive additional chemotherapy, however 
one patient declined additional therapy and one patient was 
never medically well enough to receive additional therapy. 
At a median follow-up of 20 months (range, 3-87 months), 

Table 2 Postoperative outcomes

Postoperative outcomes Mitomycin C, n=21 [%] Platinum, n=13 [%] P value

Postoperative sepsis 1 [5] 1 [8] 1.000

Postoperative anemia requiring transfusion 6 [29] 7 [54] 0.170

Postoperative neutropenia (ANC <1,000) 4 [19] 1 [8] 0.630

Postoperative thrombocytopenia (PLT <50,000) 0 1 [8] 0.380

Transient renal dysfunction (Cr >50% above baseline),  

resolved within 30 days of surgery

1 [5] 6 [46] 0.007

Persistent renal dysfunction (Cr >50% above baseline),  

persists for more than 30 days after surgery

0 1 [8] 0.380

Readmission within 30 days of discharge 7 [33] 1 [8] 0.120

Postoperative wound infection 2 [10] 3 [23] 0.350

Any complication 12 11 0.140

ANC, absolute neutrophil count; PLT, platelet count.
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eight patients are alive with disease, seven have no evidence 
of disease, 14 have died of their disease, and five patients 
have been lost to follow-up. Median time to progression for 
the group of patients receiving mitomycin C is 9 months 
and median time to progression for the group of patients 
receiving platinum is 7 months. This difference is not 
statistically significant (P=0.23).

Discussion

Indications for the role of HIPEC in EOC and the optimal 
drug regimen(s) are controversial (22-24). Zivanovic et al.,  
in a phase I trial, demonstrated both feasibility and an 
acceptable toxicity profile of HIPEC utilizing cisplatin 
100 mg/m2 following optimal tumor cytoreduction in 
the primary setting. The authors propose this dose as the 
recommend phase II dose in future studies (27). In our 
study, when comparing toxicity profiles between mitomycin 
C and platinum-containing agents, the rates of toxicities are 
similar except for the rate of transient renal dysfunction; 
this may be due to the difference in patient populations as 
the majority of our patients had at least one prior platinum 
based chemotherapy regimen. It is important to note that 
in the case of some toxicities, anemia in particular, it is 
difficult to determine whether the toxicity is solely a side 
effect of the chemotherapy agent or is related to the surgical 
procedure itself. Importantly, recommended adjuvant 
therapy was received in all but two patients and only one 
did not receive this therapy due to prolonged surgical 
recovery. This study adds to the growing body of literature 
demonstrating the safety and feasibility of HIPEC in the 
treatment of EOC. The use of platinum-based HIPEC 
regimens is of particular interest because most EOCs are 
platinum sensitive. Median time to progression is 7 months 
for the platinum group and 9 months for the mitomycin C 
group, but this difference is not statistically significant. This 
result is limited by the small sample size and variability in 
indications for HIPEC in our study.

Overall, the toxicity profile in our study is comparable 
to those reported in the literature. In a systemic review 
by Chua et al., cytoreductive surgery plus HIPEC for 
various indications estimated the mortality rate attributable 
to HIPEC therapy to be 0-5.8% with an estimated 
rate of major morbidities from 12-52%. The rate of 
hematologic morbidity in this study was 0-28% and the 
rate of renal failure was 0-7% (28). A recent study by 
Cripe et al. investigated the short-term morbidity and 
mortality of 32 patients undergoing HIPEC for EOC 

in the interval, consolidative, and recurrent setting. The 
majority of patients in this study received platinum-based 
chemotherapy. The rate of major morbidity was 65.6%, 
with anemia being the most common. There were no 
perioperative deaths in their cohort. When anemia was 
excluded as a complication, the rate of major morbidity was 
noted to be 25% (29). These studies in conjunction with 
previously published literature further support a reasonable 
side-effect profile for HIPEC in patients with EOC with an 
overall low risk of perioperative mortality.

A major challenge in incorporating HIPEC into the 
treatment for EOC is determining the most efficacious 
treatment regimen with the best toxicity profile. A number 
of different agents have been used in HIPEC protocols. 
Platinum-based therapy is an obvious choice because the 
majority of EOCs are platinum sensitive tumors. Argenta 
et al. published a pilot study of HIPEC with carboplatin 
1,000 mg/m2 for platinum-sensitive recurrent disease which 
demonstrated both feasibility and safety (30). Deraco et al.  
conducted a phase II trial of HIPEC with cisplatin 
and doxorubicin in the front-line setting. The authors 
demonstrated a 5-year OS of 60.7% and PFS of median 
of 30 months or 15.2% without significant toxicity (22). 
This is one of the largest phase II studies exploring both 
efficacy and toxicity of HIPEC in EOC published to 
date. Oxaliplatin has also been evaluated as a potentially 
effective agent with a similar side effect profile to the 
other platinum-based regimens (24). Studies comparing 
carboplatin to cisplatin in EOC have demonstrated 
equivalence in the IV setting and there are data to suggest 
similar tumor penetration of both agents when administered 
into the peritoneal cavity (3,31). Additional prospective 
investigations of platinum-based regimens as HIPEC 
agents will help elucidate drug effectiveness, as well as 
better define the IP side-effect profile. Other cytotoxics that 
have been used in HIPEC include taxanes, doxorubicin, 
and mitomycin C. Both taxanes and doxorubicin are active 
agents in the treatment of EOC while mitomycin C derives 
from HIPEC regimens for gastrointestinal malignancies. At 
our institution, treatment with a platinum-containing agent 
is preferred for patients with platinum-sensitive EOC; 
however, it is more toxic than mitomycin C, particularly 
with regard to renal dysfunction. In patients who are known 
to be platinum-resistant or in whom performance status, 
medical comorbidities, or end-organ disease prohibit 
the use of a platinum-containing agent, mitomycin C is 
preferred.

Prospective data demonstrating an improvement 
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in progression free and OS in EOC patients receiving 
HIPEC are lacking. Several retrospective trials have 
suggested a survival benefit with the addition of HIPEC 
to the treatment regimens of patients with recurrent 
EOC (32,33). Safra et al. performed a retrospective case-
control study of patients treated for recurrent EOC with 
cytoreduction plus HIPEC versus IV chemotherapy alone. 
Although OS endpoints in this study have not yet been 
reached, the results suggest a significant improvement in 
PFS for the cytoreduction plus HIPEC cohort compared 
to chemotherapy alone (15 vs. 6 months, P=0.001) (32). 
In another retrospective case-controlled study by Le Brun  
et al., patients with first recurrence, platinum-sensitive EOC 
treated with either cytoreduction plus HIPEC or with a 
regimen that did not include HIPEC. The 4-year OS rate 
in the HIPEC group was 75.6% while it was only 19.4% 
in the non-HIPEC group (P=0.013) (33). Both studies 
have the benefit of having included a group of patients 
with a single indication for HIPEC, but, the associated 
selection biases cannot be completely accounted for in these 
retrospective studies. Unfortunately, in our study similar 
to much of the current literature, the patient cohort is very 
heterogeneous both in terms of indication for HIPEC and 
of treatment regimen used and thus survival endpoints 
could not be reported because of the small sample size. 
Chiva et al. estimated the weighted average of OS in trials 
of HIPEC following cytoreduction in the front-line and 
recurrent settings to be 37.6 and 36.5 months, respectively. 
The authors note that these results are comparable to those 
results noted with standard therapies and propose pursuing 
prospective trials of HIPEC in EOC (17).

Our study reports a series of patients treated with 
HIPEC for EOC at a single institution. The strength of 
this study is that all patients were treated with the same 
technique, limiting inter-institutional variability and the 
associated biases. Also, our study is one of the few utilizing 
mitomycin C in HIPEC following cytoreductive surgery 
for EOC patients. However, the study is limited by the 
inherent bias of a retrospective study with a small sample 
size. It is possible that mild complications of surgery 
may not be adequately reported in the medical record; 
thus, missed in this analysis. Determining the extent of 
cytoreduction performed retrospectively is difficult and at 
times not reported in the operative report. Additionally, this 
study lacks an assessment of patient quality of life measures, 
which is particularly important in patients undergoing 
therapy for recurrent disease. The variable indications for 
surgery as well as the variable chemotherapy regimens 

significantly impact the ability to compare outcomes data 
within this patient population, thus making it difficult to 
draw any conclusions about how HIPEC impacts outcomes 
for patients with EOC.

Currently, there are ongoing phases II and phase III 
clinical trials attempting to clarify the role of HIPEC 
for the treatment of EOC. Literature suggests that in 
appropriately selected patient populations, HIPEC may 
confer both a PFS and OS benefit. Our data supports a 
reasonable side effect profile of several HIPEC regimens 
for patients with EOC for multiple treatment indications. 
Future studies designed to determine which cytotoxic 
agents would provide the most benefit in patients with EOC 
are needed.
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